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PreviewsIndeed, the polymerization mechanism
might be part of the maintenance process
as well. A polymer as an auto-associating
structure might possess an efficient and
self-templating activity for reestablishing
PcG silencing complexes at target genes
after the chromatin-disruptive passage of
DNA polymerase or the condensation of
chromosomes in preparation of mitotic
division.
In conclusion, the findings by Isono
et al. (2013) have uncovered an interesting
new feature of a PcG core component,
potentially linking processes of gene
silencing, local nucleosomal condensa-558 Developmental Cell 26, September 30, 20tion, and higher-order chromatin interac-
tions leading to PcG body formation.
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Histone H1 variants play key roles in the regulation of higher-order chromatin structure and have been impli-
cated in numerous developmental processes. In this issue ofDevelopmental Cell, Pe´rez-Montero et al. (2013)
present evidence that the Drosophila histone H1 variant dBigH1 prevents premature activation of the zygotic
genome during early embryogenesis.The basic unit of chromatin structure, the
nucleosome, can be packaged into
30 nm fibers and increasingly compact
higher-order structures by the linker his-
tone H1. The role of histone H1 in chro-
matin compaction has been extensively
studied in vitro, and recent studies have
revealed important roles for this linker
histone in the maintenance of higher-or-
der chromatin structure, genomic stabil-
ity, and heterochromatin silencing in vivo
(Happel and Doenecke, 2009; Siriaco
et al., 2009; Lu et al., 2009, 2013). Ge-
netic studies of histone H1 have been
complicated by the presence of multiple
histone H1 variants in the vast majority
of higher eukaryotes (Happel and Doe-
necke, 2009; Godde and Ura, 2009). As
a result, the roles of histone H1 variants
in development remain relatively myste-
rious. In this issue of Developmental
Cell, Pe´rez-Montero et al. (2013) present
evidence that in Drosophila, an embry-
onic variant of histone H1, BigH1, playsan important role in the maternal-to-
zygotic transition.
All histone H1 variants contain a
conserved globular segment with a
winged helix domain that binds the nucle-
osome near the site of DNA entry and exit
(Khochbin, 2001). The regions flanking
this segment interact with core histones
and linker DNA to promote the formation
and packaging of chromatin fibers.
Some histone H1 variants are present in
all somatic cells, while others are
restricted to specific tissues or stages of
development. Based on their patterns
of expression, histone H1 variants have
been implicated in a broad range
of developmental processes, including
oogenesis, spermatogenesis, and the
regulation of cellular pluripotency and
differentiation (Godde and Ura, 2009;
Meshorer and Misteli, 2006; Zhang et al.,
2012). The developmental functions of
specific histone H1 variants have been
difficult to assess, however, becauseindividual variants are often functionally
redundant and are not essential for
viability or development (Godde and Ura,
2008).
In the large majority of higher eukary-
otes, linker histone composition changes
dramatically during embryonic develop-
ment. The existence of a single embryo-
specific H1 variant in mice and Xenopus
suggests that it serves a specialized
purpose during embryogenesis. Indeed,
recent studies have shed some light
on the variant’s function during early
embryogenesis (Godde and Ura, 2009).
In both organisms, the maternally ex-
pressed H1 variant is replaced with
somatic H1 during early embryogenesis,
concomitant with zygotic genome acti-
vation. In vitro experiments in Xenopus
revealed differential positioning of so-
matic H1 on oocyte and somatic genes,
promoting repression of oocyte genes
and expression of somatic genes (Godde
and Ura, 2009). In mice, somatic H1 is
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when somatic nuclei are transferred
to early oocytes, suggesting that the
embryonic variant is required for the
establishment of a pluripotent state
following fertilization (Godde and Ura,
2009).
Histone H1 variants differ in their ability
to bind nucleosomes, suggesting that
they may have different effects on chro-
matin compaction and gene expression
in vivo. Indeed, maintenance of a pluripo-
tent, embryonic state appears to correlate
with a looser association of histone H1
variants with chromatin, while tighter
binding is associated with cellular differ-
entiation (Meshorer and Misteli 2006;
Godde and Ura, 2009). Taken together,
these findings suggest that chromatin
compaction is altered when embryonic
histone H1 variants are replaced with
somatic variants, thus establishing the
zygotic gene expression patterns neces-
sary for subsequent embryonic develop-
ment and differentiation. Linker histone
replacement during early development
therefore provides a mechanism for
defining the developmental state of the
embryo.
Unlike other higher eukaryotes, only
one histone H1 isoform is present in
Drosophila. Drosophila histone H1 is not
expressed prior to the cellular blastoderm
stage of embryogenesis, suggesting
that a previously unidentified, divergent
histone H1 variant might substitute for
histone H1 during early Drosophila devel-
opment. Pe´rez-Montero et al. (2013) iden-
tified dBigH1 in a search for proteins
related to histone H1. The similarities
between dBigH1 and histone H1 are
limited primarily to their central globular
domains; the N-terminal domain ofdBigH1 is poorly conserved and sig-
nificantly longer than the corresponding
region of histone H1. Unlike histone H1,
dBigH1 levels are highest in the early
embryo, where it is uniformly associated
with chromatin throughout the cell cycle.
At cellularization, dBigH1 is replaced by
histone H1. During subsequent develop-
ment, dBigH1 expression dramatically
declines in somatic cells and becomes
restricted to the primordial germ cells
and the gonads of the adult. dBigH1
therefore appears to be a divergent em-
bryonic variant of histone H1.
The replacement of dBigH1 with his-
tone H1 occurs at the maternal-to-zygotic
transition, when maternally contributed
gene products are degraded and the
zygotic genome becomes transcription-
ally active. Is dBigH1 involved in this
key developmental transition? Embryos
homozygous for a dBigH1 mutation
die immediately after cellularization and
display asynchronous divisions and
extensive DNA damage. Elongating RNA
polymerase II is detected in dBigH1
mutant embryos prior to cellularization,
suggesting that zygotic transcription is
activated prematurely in the absence of
dBigH1. Consistent with this possibility,
Pe´rez-Montero et al. (2013) found that
multiple genes—including the segmenta-
tion genes even skipped, hairy, and
fushi tarazu—are transcribed prior to the
maternal-to-zygotic transition in dBigH1
mutants.
Based on their findings, Pe´rez-Montero
et al. (2013) propose that dBigH1 is
an embryonic histone H1 variant that
globally represses transcription in the
early embryo. In their model, the replace-
ment of dBigH1 with histone H1 at the
maternal-to-zygotic transition licensesDevelopmental Cell 26, Sethe zygotic genome for transcription.
They also speculate that the divergent
N-terminal segment of dBigH1—which is
much longer andmore acidic that the cor-
responding region of histone H1—may
weaken the association of this embryonic
histone H1 variant with nucleosomes. The
replacement of histone H1 with dBigH1 at
the maternal-to-zygotic transition could
therefore trigger genome-wide effects on
both chromatin organization and gene
activity. The further analysis of dBigH1 is
likely to provide a wealth of information
concerning the role of histone H1 variants
in development.
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